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APPENDIX D
DESIGN EXAMPLES—BUILDING SYSTEMS

D-1. Introduction. This gopendix givesilludrative examples for designing various types of lateral systems.
Generdly, the calculations determine earthquake lateral forces and their distribution to the resisting elements
of the buildings, some examples covering frames, walls, digphragms, and foundations are essentially compl ete.
Calculations are not given where ordinarily accepted design procedures are involved, such as sizing and
detailing members once forces are determined.

D-2. Use of this appendix. Thisgppendix is purdy advisory; it is not intended to place super-restrictions
on the manua. This appendix is not a handbook for the inexperienced designer. Neither the manual, nor the
manual supplemented by this appendix, can replace good engineering judgment in specific situations.
Designers are urged to study the entire manual.

D-3. Commentary.

a. Unless otherwise indicated, dl design examplesin this appendix are based on Zone 4, where Z = 0.40.
But the principles and methods for determining lateral forces are aike for al zones.

b. ExamplesD-1, D-2, D-3, and D-5 are for the same basic building, using (1) bearing walls, (2) concrete
frames, (3) sted frames, and (4) framesin combination with shear walls (a dua bracing system), respectively.
These examplestend to illustrate the relationship between architectural features (fenestration and materials
of construction) and structural design.

c. A 10-pound-per-square-foot weight is added to the roof for the seismic effect of the upper half of the
top-story partitions.

d. Itisassumed that stairs are detailed so as not to transmit shears from floor to floor. Also, removable
and special partitions (such as utility room walls) will be made flexible or isolated so as not to affect the
distribution of lateral loads or to act as shear walls.

e. Meta-deck roofs are consdered to form flexible digphragms, and roof |oads are distributed according
to tributary area rather than relative rigidity of walls below.

D-4. Design examples.

Fig. No. Description of Design Examples

D-1 Box System.
A two-story building with bearing walls in concrete using a series of interior, vertical
load-carrying columns and girder bents.

D-2 Concrete Ductile Moment Resisting Space Frame.
A three-story building with a complete ductile moment resisting space frame in concrete
without shear walls.

D-3 Seel Ductile Moment Resisting Soace Frame and Seel Braced Frame.
A three-story building with transverse special moment resisting frames and longitudinal
frames with chevron bracing.

D-4 Dual Bracing System.
A two-gtory building in concrete with a ductile moment resisting space frame and with
shear walls.

D-5 Dual Bracing System.

A three-story building with a ductile moment resisting space frame in structural steel
and with shear wallsin concrete.

D-6 Wood Box System.
A two-story wood framed building, using wood floor and roof decks, and wood stud
walls with plywood sheathing.

D-7 Special Configuration.
A one-story building with concrete bearing walls on three sides and open on one side.
D-8 L-Shaped Building.

A three-story building with bearing walls in concrete, using a series of interior vertical
load-carrying columns and girder bents.
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DESIGN EXAMPLE D-1

Building Wth A Bearing Wall:

Description of Structure. A two-story adnministration building with bearing
wal s in concrete, using a series of interior, vertical |oad-carrying
colum and girder bents. The structural concept is illustrated on Sheets 3
and 4.

Construction Qutline.

Roof : Exterior Walls:
Built-up, 5-ply. Bearing walls in concrete,
Met al decking with furred with GAB finish
i nsul ation board. Partitions:
Suspended ceiling. Non-structural renovable dry—
2nd Fl cor : wal | , except concrete as
Met al decking with concrete fill. structurally required.

Asphalt tile.
Suspended ceiling.
1st Fl oor:
Concrete sl ab-on-grade.

Design Concept. Since the structure is without a conplete |oad-carrying
space frane, the Rwfactor is 6. The netal deck roof systemforns a flex-
i bl e di aphragm therefore the roof |oads are distributed to the shear walls
by tributary area rather than by second story wall stiffnesses. The roof

di aphragm being flexible will not transmt accidental torsion to the shear
wal I s. The netal deck with concrete fill systemfor the second floor forms
a rigid diaphragm The shear walls react to the forces fromthe di aphragm
therefore the relative rigidities of the various walls and the individua
piers nmust be determined. This is necessary so that a |ogical and consis-
tent distribution of story shears to each wall and pier can be made. The
wal | analysis utilizes the Design Curve for Masonry and Concrete Shear
Walls on Figure 6-4.

Di scussion. A 10 psf partition load is included in the seismc roof |oading
but is not included in the vertical design. The stairs are isolated so that
they will not transmt shears fromfloor to floor. The walls along Lines
Kk E ® & ® act as vertical cantilever beans joined by struts at the

floor lines. The overturning monments are distributed to the individual
piers in proportion to the pier stiffnesses. The end wall along Line @
abuts an existing building, therefore a wall with no openings is provided.
The spandrels in wall along Line © nust be designed to transfer vertical
shears due to shear wall action.

Figure D-1. Box system.
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Loads.
Roof :
5-ply roofing = 6.0 p.s.f
1” Insul ation = 1.5
St eel deck = 2.3
Steel purlins = 3.7
Steel girders
col ums = 1.2
Cei ling = 10.0
M scel | aneous = 1.0
Dead Load 25.7 p.s.f
Add for seismc:
Partitions 10.0 p.s.f.
Total for seismic 35.7 p.s.f.
Li ve Load 20 p.s.f
Materi al s.
Structural steel F, =
Concrete . f'e =
Rei nforci ng st eel f, =
Al l owabl e soil pressure =
Al'l owabl e soil pressure ... =

*

Wei ght of shear walls are not
shear walls are cal cul ated on pages 4 and 5. The wei ghts of the exterior
wi ndows and architectural panels are included in the partition

wei ght s.

wal |
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2nd Fl oor
Fi ni sh = 1.0 p.s.f
St eel deck = 3.1
Concrete fill = 32.0
St eel beans = 5.9
Steel girders &
col ums = 1.5
Partition = 20.0
Cei ling = 10.0
M scel laneous = _1.0
Dead Load = 74.5 p.s.f.*
Li ve Load = 50.0 p.s.f.
(no snow)
36 k.s.i.
4,000 p.s.i., E, = 3.6 x 10° psi
40, 000 p.s.i
3,000 p.s.f. Vertical Load
4,000 p.s.f. Vertical plus Seisnmic

i ncl uded here.

Figure D-1. Continued

The wei ght of the concrete
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Figure D-1. Continued
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DISTRIRUTION OF BUILRING WEIGHT TO ROOF
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Figure D-1. Continued.
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DISTRIBUTION OF BPUILNRNING WEIGHT AT 2NR EFLOOR
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DISTRIBUTION OF RIAPH, WP 70 WALC [1]'88.58 Vs m.c y
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TOTAL TRIB WT 08 CNR BLR DIAPN § 2NDALR TRIB WALLS Wet/080"@0l6

Figure D-1. Continued
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LATERAL FORCLES (BOTH PIRELTIONS)
v = ZlC
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Figure D-1. Continued.
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RELATIVE RIGIDITIES
QNP STORY WALLS

PIER| N n [H/p & R [ER
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|
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FROM RiIG.G-4 ROR 12" WALLS MAY RE USEN ROR RELATIVE
RIGINDITIES WITHOUT ARJUSTMENT,

Figure D-1. Continued.
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RELATIVE RIGIRITI&S
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Figure D-1. Continued.
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RELATIVE RIGIDITIES

IST. STORY WALLS
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Figure D-1. Continued.
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RELATIVE RIGIDITIES
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Figure D-1. Continued.
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CENTER OF MASS AND CENTER OF RIGINITY
ROOE .o/APH/eA§M

P

. Iﬂ T ]

D-12

- Xm CENT&R MAS S
CENTER OF MASS |CENTEROF RIGIDITY
X v [W(ra)[WeXm|Wwerm |RSRP™R. Kr |ReYrF
WAaLL ! | 0.42° 93.5 | 39
wWALL 3 73> 169 10816
WALL 5 128 " /@32
WALL 7 [(191.58 102 1984
533.5 562028
WALL A a1.58| 267 12704
wadLe < 0.42 " N2
534 1281G
CENTER OR MASS OR ROOR NIARHRAGM !
R, . 52028 . q-, s . 12816 ., o4
m:gss.e =15 Ym= “gsq ° ¢

CENTER OF RIGINDITY !
CALCULATIONS NOT REQUIRSD SINCE ROOF
PDIARPHRABM 1S FLEXIRLE ANNR SEISMIC FORCES
ARE RISTRIBRITER BY TRIRUTARY AREA .

CENTER OF MNASS OF ROOF RILAPHRAGM 1S REQUIRED
JINCE THE ECCENTRICITY OR THIS MASS EFRFRECTS THE
TORJSIONAL FRORCE ON THE RIGIR ZNR FLOOR
IARHRAGM AELOW.
Figure D-1. Continued.



TM 5-809-10/NAVFAC P-355/AFM 88-3, Chap 13

CENTER OF MASS AND CENTER OF RIGIDITY
2 NR FLOOR NRIAPHRAGM
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Figure D-1. Continued.
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D-14

DISTRIBUTION 0F SEISMIC FORCES

FROM ROOF pispPHRAGM 1o WALLS BELOW

THE RooF DIAPHRAGM 15 FLEXIBLE ; THEREFORE THE FORCES
ARE OPTAINEP BY THE TRIBUTARY AREA METHOP. THE 100%q

RCES OF R4 ARE scALEP IN PROPORTION 12 THE
'Tgok Reo Fgéca (6. PRope

WALL  100%4 Fe=150 | WAL 10%q Fe = 150
! a4 26. 4 A 267 75
> 164 47.9 c 267 15
5 |9 47.5
7 102 28 6
534K T50K

[ROM sSEcoNp FLooR PIAPHRAGM To WALLS BELOW

THE SEcoNP FLOOR PIAPHRAGM 15 RIGIP ; THEREFORE

T REDISTRIBUTES FORCES FROM THE SELONP FLOOR
ANP APOVE.

N-5 DIRECTION Pe PIz2 6 Rz

Mr = ZF &= ng:x 15.8" + 190 X 15.7 = 4725«
Ma = 3005 x (0.05x 192') = 2880k
E-W DIRECTION
MT = o
Ma = 300x (0.05 x 48) = T2.0¢’

Figure D-1. Continued.
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DIAGRAM SHOWING RIRECT JNEAR ANR TORSIONAL

SHEAR EORCES IN PLAN
ol &l|* C
Al T][ ]’
i .=1 fe S
c R,
tqz 0" @

NOTE&S !

uu

CENTER OF RIGIRITY

CENTER OF MASS

TORSIONAL SHEAR FORCE

RIRECT SHEAR FORCE

REORCE@® FROM ROOF RIARPH (N-5)

FORCE FROM NP PIARH (N-5)

ECCENTRICITY OF ROOF MASS W/ /ee.rPecr TO ZNDERLRC.R
2NDR FLR v v .
TORSIONAL MOMENT

ACCIDENTAL TORSION

1" "

Mr + MA
ZK sV
Kdl MT M
Zkdt® 4 Z.Kd." T
Kdt . Ma _ _Kd_ M,
FTkdt d Z Kd*

Figure D-1. Continued.
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D-16

PISTRIBUTION FROM sECOND FLOOR DIAPHRAGM

10 WALLS BELOW —

CONTINUER

N—s DIRECTION

K 2 7
WAL K| S| Vo | d| 4 k& M| Va | W
| 271.0 | .i54 | 462 | 112.9 {12,796|5%4.142|.00353( 167 | 10.2 | 73.1
3 |44.9| -296| 16® | 44.3 | 2,430]109,107] .00256] 2.1 74 | 96.3
5 [44.9| 19% | 168 14.7| 26| 969 .0006|-3.6| 2.2 | 75.4
7 158.8| .334(100.2| 78.3 | (,13] |36050%] .00533]-25.2 | 15.4 | 90.4

179. 6 300

A | 35.6) .90 — | 23.6| 557| 19929| 00097} 46| 28| 14
¢ | 35.6]| 5000 — | R3.6| 557| 14629|.0009T 46| 28| 74
71.2 8o3:108 | N

E—W DPIRECTION
| — — | 2.9 25
3 —_ —1 1.8 1.8
5 o — | 905 05
7 —_ — 3-2f 3.8
A 190 — | ©0.7]150.7
- 150 — | o7|1507

300 )

Figure D-1. Continued.
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DISTRIRUTION OF SEISMIC FORCES % OVERTURNING MOMENTS
NORTH - SOUTH NRIRGCTION

wALL SHEAR V e e
; 26.4%p.13)
gagoag.) s a 73 p 1R 3177
Oood | = F—
/727
WALL |
K
. 475 (p. /3
L e & »
o0 1. 96.34p )\ 570’7
' ¥WarLe 5 75.4% 1E29 ¥
WALL 3 %5
L _28.6"(p 13)
— T . = P K
. L <] . — 90.4 h 243"
- T =
| /3387
WALL 7
75%(p.13)
= . /507%\ 825~
) - il 17797 N st
2460'c

WALLS A&XC
Figure D-1. Continued.

D-17



TM 5-809-10/NAVFAC P-355/AFM 88-3, Chap 13

VERTICAL LOARD NESIGN

THESE CALCULATIONS ARE BXTRACTEN EROM THE VERTICAL
LOAN CALCULATION WHICH ARE REQLIREN FOR COMAINING
wWIiTH LATERAL LOANRS.

WALL PEAD LOAN LIVE LOAR
(p.2) , v ‘

! |roos 248%0'x16' = 397 | Roor 20*x/6 = 320%
(LESS GIRDER
+COL.)

D-18

WALL 128%0’' x12'ave = 1500

LESS WALL OPENG

L 125 {375
4x6'x6'x g a2 T
ABove 2AND

20 FR. 3% x 160 =1G8 2wo FLR. 50% /6'= 800
(LESS GIROER
~CcoL.)

wALL 125%0'x11 = 1378
LESS OPGNG =3 (-375)
36844%
FDON WALL 125%x1.5'= 188
FT8.(ASSUME 2.5 WiDE)= 5G3
-

TOTAL PEAD = 4435% | TOTAL LIVE = [120%’

143541120, , 55 TRY 2'6'n 18

FOOTING WINTH REAN =
3000 psk CONT. ATG.

NOTE.: FMOOTING WINRTH TO A& CHNECKEN AROR
SEISMIC LOAR

Figure D-1. Continued.
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VERTICAL LOAND RESIGN

WALL

READ LOAL LIVE LOAD

(p.2) , ¢
ROOF zqfs *a'ie = 391" ROOF 20#x«1G = 320/

(LESS GIRAER

+CoL.)

’ L
waLL 125 %o'xiZavs=15007
1891%

’ A
2vn FLR 73%'x 1G' = 11GET' | 2mm FLR, 50%x16'= 800/
(LESS GIRDER

+ CoL.)

)
waLL 125%'x11' =135/

F RPN ¥
wacL 125%'x1.8' = 188/’
F7&. (ASSUMEN o
2.75' WIDE = /97
et #
TOTAL PEAD = 5241 % TOTAL LVE = 11207
8241+ 1120 '

FOOTING WINTH REQN = = 2.12

S000pSF

TRY, 2'-9°% 18"
CONT FTG.

Figure D-1. Continued.
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VERTICAL LOAN

NESIGN

WALL PEAD LOAN LIVE LOAD
(P.?) £ d / ]
ROOF 24.5%r x32' = 184" | RoOF 207a'x32's 640"
(WALL S 4 ,
SIM) | WALL 1257/’ xI2AvG. = 1500

D-20

LESS WALL OPNG

TOTAL NREAD = 6LL4

5x9 x f%.i =& 1IT)

2167
(p 2) ‘ ’ ‘
2no FLR 73%'x 32 =233G | 2woFLR 507x32=/600Y:
wALL 128%a x11! =1375
LEss oreNe  =&IIT Y
5761 %
FDON .
wALL 125%'x5.8' = 1887
FTG.(ASSUME 3'wine) =  GT5%/

*. | roraL Live = 22407 |

6624 + 2240

FOOTING WIRPTH REAND =

- ]

s000p5F - 2.96
TRY 3'x0" x 18¢
CONT. FTG.

Figure D-1. Continued.
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VERTICAL LOAD PESIGN

WALL DEAN LOAR LIVE LOAND
{p.Z) ] #, J #
A | ROOF 24:8%x16'x3’ = 1176*| ROOP 20/'x1G'x3' = 96O
!
(PR JyaLL 125%a' x /211’ = 12375%
(wALLC] 13551%
SM) | wrfFr = '335’ 1506
200 FLR 73.0%'x16'x 3" = 3504% | 2un FLR 80%0'x16¥3's2400%
WALL = J2375%* WTIFT = 2499 y
el = =270 /i
WT/FT=—23$§-—0=3270‘/1 29430" i
TOTAL READ (EXCL.FTG)= 294307 | TOTAL LIVE = 3360"

ARGA REG'D = 29430+ 3360

ALLOW SOIL PRESS, = 3000 psF ~ (300 pSF WT FTG)= 27100 psk

= Ié.l e’ TRy 8-0"x20'0" Fra.

18 PIER

ALLOW SO/L PRESS.= 27100 pSF

68860+6720
2709

AREA REGND =

Figure D-1. Continued.

TOTAL NEAN (EXCLFTG)= 58860%

=243

2700 REQPD BOR SEISMIC
OVERTURNING .
Az=|GO@
ROOF 24.8%'x 32'x3' = 2352% | RoO® 20%'x32%3’ 1920*
WALL 125%a' x 18w’ = 24750"
27102F
WT/FT = Z'II‘OZ = 1505*/4
‘/ I anl at * %, 1 ot ¥
2vn ELR 13776Xx32x3' = 7008 2ND ELR 50 h'x32x3'=4800
WALL = 2¢780%
8co 58860%
WT/ET = %—— =3210% '

TOTAL LIVE = 610"
TRY, 8-0"x3/%0" fra,
REQND FOR SEISMIC
OVGRTURA‘/NG
Az 248°

D-21
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WALL DESIGN
WALL !/ LARGER OF As' OR As"
Ul (PeL+E) OR MIN. OF SEAOC 3€2

Us0.91n +1.4€ A's

ar=2 Jjé = /%G PSI
2¢4 " IQ)I QE @ I@l o
S gy g i
—=Il AN R I ] e
| 1.1 11 [ |
SHEAR MOMENT

THE INDIVINRUAL PIERS IN WALL | SHOULN RE PESIGNEN FOR THE
BENNDING MOMENT NPUE TO THE LATERAL LOAD (M= Vxh/a)PLUS
THE AXIAL LOANS FROM DEAD AND LIVE LOANS (EXCERT ROOFL.L.)
PLUS THE AXIAL LOAN NDUE TO WALL OVERTURNING. UNLESS AXIAL
LOANS ARE EXCEPTIONALLY LARGE T 1S USUALLY CONSERVATIVE TO
NEGLECT AXIAL LOADRS. THIS PRORBRLEM PROCEEDS ON THI!S SIMPLIFYING

ASSUMPTION.
SEE NEXT SHT. FOR SAMPLE CALCULATION FIRST STORY
Bl R ' L4 V., h "o

3{"”5‘ WIDTH| (p'q) V| Ac [VsgoiMalry Al | 133A;| REINE

RN 227[720%"| 74 (8.1 0.4¢™|0.61 | 2-#5

2 148" | 451 9.2(980 | 45 | 276 (028|037 | 2-#5
X 3 48 145 92480 |45 |276 0.2 (037 | 2-#5
Q -—— : b —— - .
5 ¢ 148" |45 92480 |45 |21.6/0.28|0.37| 2-#5
N ’ —t
L5 | 7" 1 (227% 720 | 74 |6B.1|0.46|0.61 | L-MS

:35.7 [E= T3.K Y | wore
P15) Pa0.Hye3 f

NOTE: . A’ INCREASED BY )3 PER Ac! F10.5.2
2. MIN.REINE. 2-#6 PER F!6G. G- 6
3. REINF. FOR |STSTORY PIERS IS EXTENNED TO THE ZNOSTORY

Figure D-1. Continued.
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WALL DESIGN (CONT.)

waLL !

JAMPLE CALCULATION POR SHT. 21 :

15T STORY - PIER

2-*2
eNpDOR  2-#§
wALL JAMA

72"

b
L e’

PLAN-PIER |

SHEAR IN PIER {

/0’)
Vs L2 x V o 1L X7 «
[ zn wWALL 38.7 3/ -227

Vi 2.4 xV, =3/ gr e

$_S_ 274 P11 126281 OK
ve Ac 06‘0x720 <

MOMENT IN PIER | DUE TO PIER SHEAR

!

(]
MY, x P 2227 xg* C8./

My:l.4M=/.4x68./> 95.3'°

__M.u._ 25 1x/2__ a»
WHERE & /S A‘JUMED AS (.0
CHECK ASSUMPTION

Asf 0.40x 40
—‘—;— —_—— = 0. l.OASSUMEDN
A 5857, by 85 adxlo - OHTCIDASS

SEE SHT. 23 FOR POUNDARY NENBERS

Figure D-1. Continued.
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WALL DESIGN
WALL 1 (COND)

BOUNDARY MEMBER FOR ENTIRE WALL
GRAVITY LoADS (P 17)
Wp = 384 ¥/ x 48" = 177K

W =800 # x 4¢ = 38K (2Np FLOOR ONLY)
OVERTURNING MOMENT  (ple)
Mor = 112}

USE LoAD ¢coMBINATION 04p —14E
LoAD AT EAcH END =

e e
040117 14 (12
SINCE ¢p > Ty THERE 15 No TENSION,
PROVIPE 1RIM REINF =

Tw 36.3
Ag” = W;/_ = 03)(40 = 1‘0]- ”\lz

2 - #7 AT Al END OF WALL
Figure D-1. Continued.
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WALL PESIGN
WALL 3 (WALL § J/M.)

— ]
ASSUME THAT PIERS ACT AS A, —— I ] o
JERIES OF VERTICAL CANTILEVER | 0) |X| ® | 97
AEAMS STRUTTED AT ROOF { A )
RND FLR. LINE § FIXED AT L | N gesx
157 mLR. | N |
| } | }
b, MHEAR
2¢-0" _5'| 18-0" ‘§————
R 14V *
| ! R4.8' | 27 |579%|2940° |9 P51 | 9807%| 207°" | 2-¥9
¥
o =2 18.8' | 17.9 |38.¢4 |ezzo |40 cr9 |s.8 |T#7
) 7F
44,9 13:9¢-5% Z</629
1 (®.16) P06 |cpu)
WALL 7
m 28°“
|| =—"
| - - - -
i —}’ /40.8*%
: 48-0" _]'
PIER |WIDTH (p‘.!/o) v Ac ""i/i;—: Mor | Ap* |REINF
‘)i ! 48’ |58.8 |/40.8% | 5760 |57Ps7 ?ng) 20¢ |2-%9
[ o3 .
o
*

INCREASED AY Y3 PER Act F10.5.2

Figure D-1. Continued.
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WALL DESIGN

WALL A (WALL C SIM.)

) STRUT
Y0} B | | | FoY BRI
|| | ® I l ® | sraur|l @I «—
- I i1 'T_'—“‘f"'_":'
! : | l —aAs—- |'As, | /‘50'2 “
,, S E T
qu-og . 80" | . . is'o" _L90"
PIER | WIDTH |R (pro)| V Ac |7/ 28] Mor | As
! 9’ @5 | 19.05| 1080 | 4/1psi| 314 | 182 | 2-%9
; 2 18 | 133 | S¢d|ueo|er | 928|267 3%
o | 3 18' | 13.3| 563|260 gy |g28]| 267]3-%
v
9 ¢ Q' | 45| 19.0 | 1080 | 44 314 | 182 | 2-"9
("]
~ £356| £/50.7 £2483%"
(ps6) ¢=o.c| el

D-26

SAMPLE CALCULATION FOR PIER @ :
SHEAR, V= i%Vmu. = fg’%t/so-h/foo‘
Vus 1.4V < 4% /5.0% « 26.6 *

v e

L Va

“@Ac ¢Ac 0.¢rj080

MOMENT M,= 7h

B Mor 53&5—:2

6

Mus L4 M 2145314 #40°F

x —_%__d.s“ 440 x/2
As $fy ( -3 "

As = 1.33 x .38 = 1.828" INCRGASE PER AC/ 4 10.5.2

x2483'" - 314

0.9x40x(108"- % |

Figure D-1. Continued.

e 266 o4, o5 (126 psi OK

)_. 1-37"”



TM 5-809-10/NAVFAC P-355/AFM 88-3, Chap 13

WALL PEsIgN
WALL A— cONT (WALl ¢ sIM)
POUNPARY MEMBER — PIER L
s SR b5
Cp = O.ZNo 04 ;2.4.4 —~ 132
o= - S =
T = Tu-Cp = 543 — 152 = 4Ll = LA"/y
AL = el = L4 N2 <A p2s
cHecK  TRANSV. REINF-. (ACT 21.5.3.0)
WALL A = 10'x Mz = 7.5 Ff2
S = td% = :% (—Z)f = 1.2 ft3

M = Mu = 440’('
p=14 (Wo+ W) = 1.4 (2.4 + 2.4) = 445"

44. 0
Rl I A

OR 34psi < (02f' = 800p5f)
No TRANsy. REINF. REQ'D

Figure D-1. Continued.
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WALl  pEsiGN

WALL A-coNT. (WALl ¢ siM)
BOUNPARY MEMBER — PIER 2

lvlp = 920, Mu = |4 x 429 = 1299
WD = ‘)_Qljl wl, = 4@
0. 0. :
Co = : 0 %ﬁ = 26.5
- My 239 |
T = oad © oaxe - 80-%
T = 802 - 265 = 53.7
Ay = %745 = 149 < Ag
cHeck TRaNsV. REINF.
WALL A =1g'x '% = 15 f?
I R - I 3
5 - 'IT X 6 - 45 Ff-
p= 1.4 (5049 +4.8) = 89.2"
Mu= 1299
£ = 3?72 + 'ic;q = 0.0 + 289 = 349kt

OR 242 psi < e
NO TRaNsv. REINF. REQ'D

Figure D-1. Continued.
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WALL PESIGN - SEISMIC FORCES NORMAL

TO wALL DET A N
| /'
Fo=231 Cp Wp % |
WHERE Cp ® O 75 (SE€AOC TAACE /- /) N
Wp = 12.5% (10" conc) ' _,__TDGT-B 1<
' = OO‘I‘LO d 4—_‘F=:\.%
Fp = Fp O Ix/.0x0.75x 125 + 323/ ~
REACTION € ROOF = 3157 ;(H]‘: 206% =
CONT SPAN =5, , 1
REACTION @ 2w FLR =315%x11'x 12 =516/

MIM. LOAR = 200%, (56A0c /#2 £) NOTE ;| WHEN FLOATING :uD

IS USED, ASSUME PT OF FIXITY
2'RELOW BRANE LINE FOR
MAX. WALL RENDING @ 2,un FLR LINE DESIGN OF WALL

J6° TRID TO (WES

2 ;:_:%
S iyi2 (737507 )% 16xS ece | CHORD
. 318%xmyiz ( _2) =

= 2 DESIGN CONN, — ITeeC
’ FOR PARALLEL
= ‘ 0 e 72¢ T SHR LD 4 vERT.
680¢ + 4520/, 72¢ LD OR HORIT. -
ASSUME a =0." TENJI/ION+ JERT LD,
A M /773 %% DETAIL A
S = = O ‘
Fy(d-g)  09x40(85-GL  ppson powae ‘
= 0.039 a» KOR WORIT TENSION v

OR PARALLELSHR.

CHECK ASSUMED QA %0 A
Asfy . 0031 x40 ookt
- - - o’
X = 2857k 0.85 x4 %10 00&“ ROUGHEN SURFACE

L

OR PROVINE K&Y
MIN. As = 0025 bd o DESIGN A.B, ZOR mr.éf_¢__
=, 82 0.21° LR (1F THE SHR.
0025 %(0 (8.6 = 0.2 R e s his  DETAIL B
use¥¢ 016"0.c.¢.F. THE DECK WELDS, THEN™
_ BOLTS SHALL 58
As = 0.%0 DESIONED FOR VERT ——> SHR)

Figure D-1. Continued.
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FOOTING DESIGN FOR SEISMIC LoAnS
NALL !
MOMENT OF INERTIA OF FTG.: ‘\7]‘) | ©

. )
FOR VERTICAL LOAD T, = 2.8'x 32 2230401 W
FOR SEISMIC LOAD I, = 35238, 2, 8,703t > @L@ X

INCLUDE RETURN )
WALL FTGS, =9607L FT* Bl ] D&rb#-x
A 5 - __.l!= . ——
AREA OF FTO.=2.5'x8¢' a)3509’ i Ywrre T

WEIBHT (p.17)

W, = (3¢8¢%) x 48’ a 17¢ 832 * (0&AD)
¥, ’ 2 7 Live wfe
Wrre 2(151% x48' s 8Ga00

SW(NEAN) = 2712 832
Ew(iiive) = 38¢00

OVERTURNING MOMENT @ BASE OF FTG.

Moy = 112/ 'Ky 339K 3" 2 1340.'%
g(man )

SOIL PRESSURE MAX. MIN,

) /2 800
138

/4 (PEAN + /57¢ + /576

2237 ps¢ ' (D+8)

Rla (LVE) 3:34500 + 284 ‘2:;‘) y77

/340 x21' + 377 =377
MorC =360t

2237 W9F No UPUuFT
4000

NOTE: THE S0IL PREBSSURE UNPER THG RETURN WALLS
DUER TO OVERTURNING (377 PSE) 1S ARDEN TO THE SOIL
PRESSURE UNNER THE RETUARN WALL WNICH 1S YERY LOW.. OK

Figure D-1. Continued
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FOOTING RESIGN FOR SE&ISMIC LOANRS
WALL 7
MOMENT OF INERTIA OF FTG . @ i (?

]
FOR VERTICAL Ld I, = 215X84 4e5344 FT*

3
FOR SEISMIC Ld Ty 215228 4 248%10%ent

-4
=972s5 Fr* .Tti'

AREA OF PTG » 2.75'x 5% = 148,87

WEIGHT (p.18) r
|
W, = (4434 Y xe8' = 272 832" (PeAD) L

W, =(800" »48' = 38400(LIve WoRooF (L)
Weis (8067 x48" = 38735

LW (NEAD) = 257 568*
Ew (L/ve) = 38400

OVERTURNING MOMENT AT AASE OF FTG.
ArPK)
Moy =1892 + 140.8 "2 3" - 23/4°%

|
' i
.

S0/L PRESSURE Max MIN.

P (paan) 69788+ /694 + 1694

Ra(Live) 39492+ 259

MorC RC3/4x?7 s -G s
I, 8622 ¢v3 2

+tes96 + 109/
{ #0000 NOUPLIFT

Figure D-1. Continued.

ALAN OF FTG
i
Pa
94 $259 pSF (PeL)
/ﬁT— M‘rc
l | g " T
l“j”sf ! (SEISMIC]
I
; ! YET
B SP.
108/
2596 pss (P+&)
(NeL+€) MIN.
AAX,

D-31
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D-32

FOOTING PESIGN FOR SEISMIC

LOANRS

wWALL 3 (wAalLl § S/M)

MOMENT OF INERTI4 OF FTG:

? 24’-6' '514‘”’816'?

_3x98°_ LocgaFrt — -
FOR VERTICAL LD I, = s 2764 r———-"‘j” "
3X 58’ ’ 2 | B}
FOR SEISMIC LN I, = 77 +2x8x75x23 —_— tM -
oT
= 77200 FT*% ;‘1‘;_ 4
, a5 R
AREA OF FTG, 3x54'=182° ' vUFre
il A sk
OVERTURN'G MOMENT = /629 '“p.1é) : E_:‘_'_‘:‘: = ] .;I&
L tu)
SHEAR V = 96.3%(p.16) 199 ;L\ ov
[ 520"
avenrum'akmameur @ AASE OF f:m' PLAN OF FTG.
Mor /627 " s+ H38x3 = 1778
CALCULATION OF ECCENTRIC MOMENT (Re) If‘l; IF FiA
OF WALL MASS RESPECT TO N.A. 414 bir 1o
PIST. ' 1 [~
WEIGHTS (p./7) X NAFT6 = WX | JM"Tz
' % U 1
W, =576/ (2¢5%2.5) /55507 x ~U.15=-( 827677 |[c9/ psF
Pev) | 0’0)5—
W, =r1coo% (24.5'+2.5)=43200 x -I175= -507600 ] _-.-,?—‘4‘1‘ t
wve) . 42 pSF (DEAD)
W, =57j’ 7 (185 +25') =720 961 x H4T5= 1,784,470 | 12 psElcrve)
(PDEAN
Wp =1600" (18.5'42.5') = 33600 X +M75= 915600 NET
buve) . W S,
W__=863% »48' 4900 x O= 0 /250
Fre 3762 PSF (ni+6)
(D*LHE)

S W (DEAD) =37 928 * EW(nen) - ¢3 207"
sw(LVvE) = 76800* swuive) - 12000*

oy
- Z ’ ’
ECCENTRICITY & =;i:,‘; = -4’ (PEAD)
e = ;—’631% = -0.156 " (LIVE)

Figure D-1. Continued.

THESE SOIL PRESSURES
ARE CALCULATED ON
THE NEXT PAGE

MNOTE :

THESE ARE SMALL,

THE EFFECTS CouLh BE
NEGLECTED.
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FOOTING DRESIGN FOR SBISMIC LOADS
WALL 3 (conT) (waLl 5 Sim)

ke
SOIL PRESS, RS# MAX. MIN. D ‘Y‘L@
Llocan)2Z.928  4/963 + 1963 b ) o
A 162 5| ac
R 76800 8ot 1o |l6”
A (LIVE) ~Ter + 474 X -
of 1=
cz 1978 X 27 w O r-=F V
M s - (W15} P
o7 T, 77200 té7/ ¢c7/ ’ ™
3107 x27 S AN
EAN) +¥ - 42 Cleh
Mgec 'i'(p 27698 o o
N
C: 12000 x 21 SOIL PRESS.
Mece 3, (V) —aces t12 (OVERTURN, C. CLKWISE S

ECCENTR.CITY OFWTS)

3762 < + /250 BNy
Q h‘
4000 NO UPLIFT \D e “

N

CHECK SHEAR IN EDN, NALL @ DOOR 0PN'G (Pea) I

= .4
pLFLL W= T 3’/,_(I36’;e+30"47+) 3.6 S0IL PRESS.
SEISMIC [CCW ove&rueu/uG) (OYERTURN, CLKWISE +

v =(s/0x 1Z, 30) #6494 x &' 7.57) =532" ECCENTRICITY OF NTS)
\/ /,4 = 5o (18.3+632) = 19"
/AT bd = 1/4000 x 10x 3% og0 = 405

vs=//1 40.5 = 78.5 _"_;91:_
V; < BVE bd = 16z 0ok T
" K
PROVIDE # 4!‘['] @ e 0 ,;_”__E‘ E

0.40x 40 x3L _ "

SECTION

Figure D-1. Continued.
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FOOTING NASION FOR SEISMIC LOANS

WALL 3 (CONT.)
CHECK MOMBNT IN FDN WALL @ NOOR OPNG (Pt.a)

Mose * ’7‘%‘: Hixs .78 3%
Mot (RIER )= £ Mot 7© VAM e
‘4‘% x yv8"*e 153K & T
“— prcroirres , P.2Y — pier (D %
MOMENT AT Pt A (sersmrc) o eo" -
91-| 19-0 6"
Mq = //53"‘- Esvo ~ —': x 3'WIn€)x( I?'x-;‘lfO.Sﬂ “ b
K
- [es 215" 28528 |w 720 ¥ N :
Mo = [ 4(83+729) = 128'% §§

_ bd® _ 10x32% _ G
F = %560 = 12000 0.8

:ﬁy: /28 = /I
K F o.8¢ 7

Gus> 292 (ACI-SP.I7 FLEX 1)-Z)

Mu /2 8 =/ ¢0 2-%8 ToPZ POTT

- —————————————

AS= Qud 2.96 %32
Figure D-1. Continued.
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SPANPREL PESIGN

wWALL |

a

b

¢ &

AS A SIMPLYFY!ING APPROXIMATION

ASSUME THAT SPANDRELS A & b AND

FOUNDRATION WALL C SHARE Yy IN
PROPORTION TO THEIR RELATIVE

RIGINDITIES
265 +28
4

Vx=

X17'% 2.8 WiIDE

Xy
Y | 1
y— — JJl
! — [T -
. 1T
1™ o R
A “. o
I
» ™ .
3 3
1 ]
- !
Iy L ___44 T wl
! == =n
Co i —
{ . ™
2'|'s'| 140" |5]|3'
+ |
' "
o O
NN Niw
1IN
N
)

+335 x 10’ x &' =33000% sHEAR
DUE TO SEISMIC

OVERTURNING

SOIL PRESSURE (SEISMIC)

Vg:zgféj—o—xﬂxz.s-rb.BS\'ak)o=32)'oo“ (p.29)

xR [racel vy (M=Belipy, (Mo Memr
54.5‘ 63| ¢ |105]022]7.8 22psi| 7.2 2,‘”‘ qse¥ | 29¢*| 20.5 'K
5' 3.68) &' | 14508 |10-2 |28 |s0.7 |303 25937 2.78'%| 3.7 'K
J5| B3| ¢ 2220411155 145 154 |4 118%| 35" | 457 '
i 472| 1.0 |3308 |27t

DESIGN SPANDREL FOR MAX. MOMENT (M+M’)

SAMPLE CALCULATION : ¥x =33.0K x R/&R = 33.0%x .22 = 7, 3X
WoeL = (391Y) +4.5'x126%954%) UNIT WT.
ON SPANNREL

Cip.18)

NOTE: ROOF LL NEGLECTED WHEN COMBINED W/ITH
Seismic (S6€A0c s€c. [Ma. )

Figure D-1. Continued.

D-35



TM 5-809-10/NAVFAC P-355/AFM 88-3, Chap 13

FOOTING NPRE&SIGN FOR SE&ISMIC (OANRS

WALL A ( WALL € S/Mm.)

QPQ' o)
-

2s-o0" @ 28.0" q’-o@q'o"
1‘

230" @

= -

'.'.,I

B [ = §
STE&L )
coc. =
. - - ‘;J‘
? <
", i Y
L L _—+ L—;
8'0"x 200 6-3 léio" % 81 ’-o"J - T ‘3.
SR
. . SYM.APT
i B —
ofF r'fi——-1 ,-L 9, r——=—p—-—o
\"EHL_IL — j = —_—.t-tar:: :E— :zzzza:_jt: ——= —'JI:'II =
5'd| l __ s2-0" ' 32 0” | =~ 320" j

PLAN OF FOOTINGS

Figure D-1. Continued.
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